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LEAK DETECTOR COMPRISING AN INLET 



[0001] The present invention relates to a leak detector according to the 

characteristics of the preamble of the patent claim 1. 

[0002J Leak detectors of this kind are known from publications DE-C2 31 

24 205, DE-A1 42 28 313 and DE-A1 195 23 430. These are counterflow leak 
detectors which are commonly operated with helium as the test gas. During leak 
detection operation, the gas which in the instance of a defective device under test 
contains the test gas, flows through a line from the inlet of the leak detector to the 
backing pump. This line is connected through line sections to at least the outlet area 
of the high-vacuum pump, preferably also with a pressure stage. Depending on 
which of the line sections is open, leak detection is performed at a different 
sensitivities. 

[0003] Generally there exists the problem where in the instance of leak 

detectors of this kind the response time, i.e. the time which elapses from the point of 
time when the test gas enters into the inlet of the leak detector until the point of time 
when the test gas is recorded, is relatively long and specifically so at higher 
pressures. From EP-B1 752 095 a leak detector is known where its inlet is connected 
via a test gas line to a gas supply pump. For the connection of the test gas line to the 
outlet area of the high-vacuum pump, a connection port equipped with a coaxial line 
is provided. Such a solution is design-wise involved and offers only a limited 
conductivity. 

[0004] It is the task of the present invention to attain the desired reduction in 

the response time in the instance of counterflow leak detection within the upper 
pressure range by a more simple solution, 

[0005] This task is solved in accordance with the present invention through 

the characterising features of the patent claims. 

[0006] In that in the instance of a defective device under test, the entire test 

gas containing gas flows through the outlet area of the high-vacuum pump 
(respectively through a pressure stage) the path across which the test gas needs to 
diffuse is reduced thereby reducing the response time to a minimum. 
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[0007] Further advantages and details of the present invention shall be 

explained with reference to the examples of embodiments depicted schematically in 
the drawing figures 1 to 3. Depicted is in 

drawing figure 1 a leak detector with a high-vacuum pump designed by way 
of a compound pump, the molecular pumping stage which is of a single stage 
design, as well 

drawing figures 2 and 3 (drawing figure 2 highly schematic) in each instance 
a leak detector in accordance with the present invention with a compound 
pump, the molecular pumping stage of which in turn is of a multiple stage 
design. 

[0008] Components of the depicted leak detectors 1 with their inlet 2, are the 

high- vacuum pump 3 designed by way of a compound drag pump. Compound drag 
pump means that it is equipped with a turbomolecular pumping stage and a 
molecular pumping stage. Preferably pumps of this kind are of a single flow design, 
i.e. their stages are arranged axially the one after the other in the direction of the 
pumping action. 

[0009] The outer housing of the high- vacuum pump 3 is designated as 1 1 . 

Said housing is equipped with a central bearing bushing 12 projecting towards the 
inside in which a shaft 13 is supported by means of a spindle bearing 14, for 
example. Linked to the shaft 13 are the drive motor 15, the rotor 16 of a molecular 
pumping stage as well as the rotor 1 7 of a turbomolecular pumping stage. Basis of 
the pump is a chassis 20, which supports the housing 1 1, the bearing bushing 12 and 
the stator of the drive motor 15. 

[0010] The rotor 17 is equipped with the rotor blades 18, which jointly with 

the stator blades 19 mounted in the housing 1 1 form the turbomolecular pumping 
stage. By means of the flange 4, the pump is connected to the test gas detector 6 
depicted only schematically, which commonly is a mass spectrometer. 
[001 1] In the example of the embodiment in accordance with drawing figure 

1, the molecular pump (respectively pumping stage) comprises the bell-shaped rotor 
16 spanning the motor/bearing chamber 7, said rotor 16 being equipped on its 
outside with thread-like grooves 8 in which during operation of the pump the gas is 



2 



Express Mail No. EV 402383710 US 

PATENT 

Attorney Docket No. 327 1 04 

conveyed from the high-vacuum side to the forevacuum side. Assigned to the rotor 
16 is a stator 9 of approximately the same axial length. Located between the stator 9 
and the rotor 16 is the gap 10. This needs to be as small as possible so as to attain a 
good seal between the thread grooves. Connected to the forevacuum chamber 21 is 
the forevacuum port 22. The backing pump is designated as 43. 
[001 2 1 To the stator 3 1 of the turbomolecular pumping stage 18/19 there are 

assigned the rotor blades 19 and the spacing rings 32 to 34. The stator blades 19 are, 
in a basically known manner, components of blade rings or blade ring sections 35 
with outer rims 36, which in the mounted state of the stator are located between the 
spacing rings. The stator made of alternatingly arranged spacing rings 32 and blade 
rings 35 above each other, is centred through the outer housing 1 1 . 
[0013] In drawing figure 1, a compound pump is depicted as an example 

which pumps the taken in gases (inlet flange 4) along the longitudinal axis of the 
pump in a single flow in the direction of chassis 20. Within the scope of the present 
invention the high-vacuum pump may also be designed completely as a 
turbomolecular pump or a molecular pump. 

[0014] The turbomolecular pumping stage 18, 1 9 is equipped with an 

intermediate inlet 38 serving the purpose of admitting the test gas when employing 
the pump in a counterflow leak detector. The spacing rings 33, 34 located at the 
level of the intermediate inlet 38 have been modified compared to the remaining 
spacing rings 32. One or both spacing rings 33, respectively 34 exhibit a reduced 
outside diameter and form jointly with the housing 1 1 the circumferential annular 
channel 41 into which the intermediate inlet 38 opens out. The spacing ring(s) 33, 
respectively 34 with reduced outside diameter, exhibit moreover passages 42 
through which the connection of the pumping chamber of the turbomolecular 
pumping stage with the intermediate inlet 38 is established. These passages may, for 
example, be several bores as depicted in the instance of spacing ring 34. An other 
possibility exists in that a spacing ring 33 is milled such that it section-wise exhibits 
a reduced (axial) height. The manufacture of passages with a high conductance is 
thus possible. 
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[0015] A further test gas inlet 45 is located at the level of the molecular 

pumping stage 9/16, and specifically approximately at half the height of this 
pumping stage. Finally a further test gas inlet 46 is arranged at the level of the outlet 
area of the high- vacuum pump 3. Said test gas inlet opens out into the substantially 
ring-shaped fore vacuum chamber 21 which follows the pump cross-section, gap 10. 
[0016] As in the instance of leak detectors in accordance with the state-of- 

the-art there follows at the inlet 2 of the leak detector 1 the test gas line 47 which is 
linked through the line sections 48, 49, 51 each equipped with a valve 52, 53 
respectively 54 to the test gas inlets 38, 45, 46. Moreover, the test gas line 47 is 
linked through line section 55 with the valve 56 with the backing pump 43. 
[0017] Located at the level of the connection ports 45 and 46 are the further 

connection ports 57 and 22. These are connected through the line sections 58, 59 
each equipped with a valve 61, respectively 62, to the forevacuum line 63 into which 
also the line section 55 opens out. 

[0018] At the inlet 2, a device under test which is sprayed from the outside 

with test gas, or a chamber with one or several devices under test can be connected 
which each contain test gas. Leak detection is performed in such a manner that 
initially the device under test, respectively the test chamber is pre-evacuated with 
valve 56 being open - all other valves are closed. Gross leak detection can 
commence at a very early stage and specifically by opening the valves 54 and 62. 
[0019] Almost the entire quantity of gas flowing in the test gas line, in the 

instance of a closed valve 56 the entire quantity of gas, flows through the 
forevacuum chamber 21 expediently designed by way of an annular channel. The 
test gas contained in the flowing gas thereby passes more rapidly and at higher 
concentration compared to the state-of-the-art into the forevacuum chamber of the 
high- vacuum pump and thus also more rapidly towards the test gas detector 6. 
[0020] An even higher level of sensitivity is attained when the valve 54 - 

expediently also the valve 62 - is closed and where the valves 53, 61 are opened. 
Also the valve 56 is - as already detailed - closed. In this operating mode the entire 
quantity of gas flowing through the test gas line 47 flows approximately at half the 
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height through the molecular 0 pumping stage 9, 16. Located expediently at the level 
of the connection ports 45, 57 is an annular channel 64 so as to reduce the flow 
resistance. 

[0021J Finally the highest sensitivity level of the leak detection process is 

attained in a basically known manner by opening the valve 52. The pressure of the 
high-vacuum pump at this point is low (for example < 10" 1 mbar) and thus the 
diffusion velocity of the test gas is high. And appreciable improvement in the 
response time would not be attained if the entire gas flowing in the test gas line 47 
were to flow through the turbomolecular pumping stage. 

[0022] Expediently the connection ports 46, 22 (respectively 45, 57) oppose 

each other so that possibly present test gas can reach, as rapidly as possible, the 
entire outlet cross section (gap 10 in the depicted example of an embodiment or, if 
only blade stages are present, the blades on the outlet side). However, very good 
results are still also attained when the axes of the connections form an angle of 90° 
(and less). 

[0023] A significant reduction in the response time is already attained in that 

for the purpose of connecting the backing pump 43 and the feed in of the gas 
possibly containing the test gas into the forevacuum area of the high- vacuum pump 
1, two separate connection ports 22, 46 are present. This advantage continues to 
exist also when the connection ports 45 and 57 as well as the related connection 
lines 49, 58 with their valves 52, 61 are not present. 

[0024] Drawing figure 2 depicts highly schematically a leak detection 

facility in accordance with the present invention with a compound pump. It is 
equipped with a turbomolecular pumping stage 1 8, 19 and the molecular pumping 
stage 9, 16 followed by a further molecular pumping stage. To this end the bell- 
shaped rotor is equipped with a smooth cylinder section. Assigned to its wall is from 
the outside the stator section 9, equipped with a thread which together with the outer 
wall of the rotor 9 forms the pumping gap 10. A further stator section 70 with its 
thread 71 is assigned to the inside of the rotor cylinder. This molecular pumping 

1) Translator's note: The German text states "... Molkularstufe... " here whereas "... 
Molekularstufe..." would make for a correct sentence. Therefore the latter has been 
assumed for the translation. 
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section 16, 70 is so designed that the direction of the gases pumped in pumping gap 
72 is opposed to the direction of the pumping action in gap 10. From this it results 
that the discharge area 21 of the high- vacuum pump has a distance from the chassis 
20. Said discharge area is located above the bearing bushing 12 and is substantially 
cylindrical in shape. Via annular chamber 73 and encompassing the bearing bushing 
12 it is linked to the connection ports 46, 22 these being arranged at chassis 20. The 
outlet area 21 and the annular chamber 73 are components of the bearing/motor 
chamber 7. 

[0025] In the example of the embodiment in accordance with drawing figure 

2, the inlet 2 of the leak detector 1 is linked through line 47, 55 with the connection 
port 46. During the leak detection process, gas possibly containing the test gas flows 
through the connection port 46 via the annular chamber 73 to the outlet area 2 1 and 
from there again through the annular chamber 73 and the connection port 22 to the 
backing pump 43. So that areas close to the chassis of the annular chamber 73 will 
not cause any flow short-circuits between the ports 46 and 22, it is expedient that the 
annular chamber 73 be equipped with separating means not depicted, for example 
axially extending separating walls, which ensure that the entire quantity of gas 
entering into connection port 46 is pumped through the outlet area 21 of the high- 
vacuum pump. 

[0026] Drawing figure 3 depicts an example of an embodiment in which, 

like in the example of the embodiment in accordance with drawing figure 2, the 
molecular pump is of a two-stage design. Besides the connections 46 and 22 there 
are - as in the example of the embodiment in accordance with drawing figure 1 - 
present the further connections 38, 45 and 57. The connections 45 and 57 open out 
into the pumping chamber of the two-stage molecular pumping stage, and 
specifically in the transition area of these stages 16, 9 and 16, 70, i.e. there, where 
the flowing gases change their direction by approximately 180°. 
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